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Abstract 
There are different documents and standards containing fatigue crack propagation limit or design curves and rules for the 
prediction of crack growth. The background of the curves and the calculations consist of two basic parts: statistical analysis of
numerous fatigue crack propagation experiments and fatigue crack propagation law. The research work aimed to measure basic 
data for limit curves on austenitic stainless steel (type 321), in corrosive environment and at elevated temperatures; and to 
determine the design curves based on statistical analysis of measured data and the Paris-Erdogan law. 
Fatigue crack growth tests were performed on modified CT specimens in water solution (30 g CuSO4*5H2O + 10 g NaCl + 3 g 
NaOH in 1000 ml water), at nominally 100 qC and 300 qC testing temperatures. The examinations were executed by constant 
load amplitude method, the stress ratio was R = 0,1, and f = 20 Hz frequency was used during the whole tests . In order to study 
the hold time effect, fatigue crack growth tests were terminated and 3 hours hold time period was applied. 
The constants of the Paris-Erdogan law were calculated and these values were compared with data can be found in the literature.
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1. Introduction 
There are different documents and standards containing fatigue crack propagation limit or design curves and rules 
for the prediction of the crack growth. The background of the curves and the calculations consist of two basic parts: 
statistical analysis of numerous experiments (i. e. fatigue crack propagation tests) and a fatigue crack propagation 
law.
The research work aimed 
x to measure basic data for fatigue crack propagation limit or design curves on austenitic stainless steel (type 321), 
in corrosive environment and at elevated temperatures; 
x to determine the design curves based on statistical analysis of measured data and a fatigue crack propagation law 
(Paris-Erdogan law) [1]. 
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Nomenclature 
a crack length 
da/dN fatigue crack propagation rate 
f testing frequency 
n exponent of the Paris-Erdogan law  
A5 elongation 
C constant of the Paris-Erdogan law 
COD crack opening displacement 
E Young modulus (modulus of elasticity) 
N number of cycles 
R stress ratio 
Ri yield strength (i = y), tensile strength (i = m) 
T testing temperature or nominal testing temperature 
ǻK stress intensity factor range 
2. Testing circumstances 
Type 321 austenitic stainless steel was used for the investigations. Table 1. shows the chemical composition of 
the material from different sources, and the most important mechanical properties of the investigated materials at 
different temperatures can be found in Table 2. 
Table 1. Chemical composition of the investigated material (wt %)
Material Type of data C Si Mn P S Cr Ni Ti N Source 
321 general < 0,08 < 1 < 2 < 0,045 < 0,03 17 - 19 9 - 12 0,3 - 0,7 – [2], [3] 
321 general  0,08  1  2  0,045  0,03 17 - 19 9 - 12 5*C - 0,5 – [4] 
321 typical 0,06 0,5 1,2 0,02 0,02 17,5 9,4 0,48 0,1 [4] 
Table 2. Mechanical properties of the investigated material 
Material Type of data T (qC) Ry (N/mm2) Rm (N/mm2) A5
(%)
Z (%) E (N/mm2) HB HRB Source
08H18N10T specific 100 205 – – – 190000 – – own
specific 270 180 – – – 170000 – – own
specific 300
000 17 5
3
8X18H10T ] 
 specific 275 202 385 42 76 – – –  
180 – – – 170000 – – own
321 general 23  205  515  40  – 193  2  9 [2] 
321 general 23  205  515  40  –  –  – – [4] 
321 specific 23 280 580 60  –  – 16 – [4] 
0 specific 23 258 546 65 77 – – – [5
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Modified CT specimens, specimens containing five or six deep (40 mm) parallel holes with small diameters (2,0 
mm and 2,4 mm) in five line were used for fatigue crack propagation tests (Fig. 1.).  
Fig. 1. The geometry of the modified CT specimen and the location of the parallel holes 
Experiments were performed in water solution (30 g CuSO4*5H2O + 10 g NaCl + 3 g NaOH in 1000 ml water), 
at nominally 100 qC and 300 qC testing temperatures. The fatigue crack growth tests were executed by constant load 
amplitude method, the stress ratio was R = 0,1, and f = 20 Hz frequency was used during the whole tests . In order 
to study the hold time effect, fatigue crack growth tests were terminated and 3 hours hold time period was applied. 
The crack length at the beginning of the hold time period was nominally 23 mm, and the applied load was equal to 
the maximum load of the fatigue crack growth test (nominally 28 kN).
MTS type electro-hydraulic test system was used for the tests and local heating was applied to accomplish the 
elevated temperatures. Different control systems were used during the experiments. Table 3. summarizes the most 
important details of the testing program. 
Table 3. The most important details of the testing program 
Specimen Nominal test temperature (qC) Hold time MTS control system (software) 
FCG1_100 100 – TestLink [6] 
FCG2_300_100 300 o 100 – TestLink 
FCG6_100 100 – TestLink 
FCG7_100_3h 100 3 hours TestLink + MicroProfiler [7] + TestLink 
FCG4_300 300 – TestLink 
FCG5_290 290 – TestLink 
FCG3_290 290 – TestLink 
FCG8_290_3h 290 3 hours TestLink + MicroProfiler + TestLink 
Hypodermic syringe was applied to injection the aggressive environment. Fig. 2. shows the front and back faces 
of the specimen during the test, Fig. 3. presents the injection of the water solution. 
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Fig. 2. (a) The front face and (b) the back face of the specimen 
Fig. 3. Injection of the aggressive environment during the test 
3. Test results 
Fig. 4. and Fig. 5. show the crack length vs. number of cycles curves at nominally 100 qC and 300 qC testing 
temperatures, respectively. In consideration of the temperature changing during the test of the FCG2_300_100
specimen, the characteristic curve section can be found in both diagrams. 
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Fig. 4. Crack length vs. number of cycles curves at nominally 100 qC testing temperature 
15
20
25
30
35
40
0 10000 20000 30000 40000 50000 60000 70000 80000
Number of cycles, N, cycle
C
ra
c
k
 l
e
n
g
th
, 
a
, 
m
m
FCG4_300
FCG2_300_100
FCG5_290
FCG3_290
FCG8_290_3h
Fig. 5. Crack length vs. number of cycles curves at nominally 300 qC testing temperature 
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Fatigue crack growth rate values were calculated using ASTM standard and secant method [8]. According to Fig. 
4. and Fig. 5., Fig. 6. and Fig 7. show the kinetic diagrams of fatigue crack propagation at nominally 100 qC and 300 
qC testing temperatures, respectively. 
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Fig. 6. Kinetic diagrams of fatigue crack propagation at nominally 100 qC testing temperature 
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Fig. 7. Kinetic diagrams of fatigue crack propagation at nominally 300 qC testing temperature 
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Results of the fatigue crack propagation tests, the constant (C) and the exponent (n) of the Paris-Erdogan law, 
nKC
dN
da ' , (1) 
and the correlation indexes are summarized in Table 4. Table 4. shows expressive that the Paris-Erdogan 
exponent values (n) are significant different at different temperatures 
Table 4. Result of the fatigue crack propagation tests 
Specimen C n Correlation index
(MPam1/2, mm/cycle)
FCG1_100 8,079E-09 3,022 0,8447 
FCG2_300_100 2,502E-07 2,147 0,4591 
FCG6_100 5,084E-10 3,812 0,8374 
FCG7_100_3h 1,578E-09 3,488 0,9071 
FCG4_300 1,617E-07 2,353 0,7899 
FCG2_300_100 – – –
FCG5_290 2,705E-08 2,880 0,9433 
FCG3_290 1,834E-08 2,984 0,9085 
FCG8_290_3h 2,131E-09 3,555 0,9096 
In order to study the hold time effect, the fatigue crack propagation, tests of the FCG7_100_3h and the 
FCG_290_3h specimens were terminated, and 3 hours hold time period was applied. During the hold time period, 
load and crack opening displacement (COD) on the front face of the specimens were measured. Fig. 8. shows the 
measured load values.  
Fig. 8. Measured load values during the hold time period at nominally 100 qC and 300 qC testing temperatures 
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The measured crack opening displacement (COD) values can be seen in the Fig. 9. 
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Fig. 9. Measured COD values during the hold time period at nominally 100 qC and 300 qC testing temperatures 
Fig. 9. demonstrates that the measured COD was from theoretical and practical point of view constant at 
nominally 100 qC temperature, however increased at nominally 300 qC temperature during the hold time period. The 
increase of the COD value at nominally 300 qC temperature was 5,1 %.
Fig. 10. demonstrates the fracture surface of the specimen FCG_6_100 tested at nominally 100 qC and of the 
specimen FCG_4_300 tested at nominally 300 qC temperature. 
Fig. 10. Fracture surface of the specimen investigated (a) at nominally 100 ºC; (b) at nominally 300 ºC testing temperatures 
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Fig. 11. shows the fracture surfaces of the two specimens (FCG7_100_3h and FCG_290_3h) tested with hold 
time period. 
Fig. 11. Fracture surfaces of the specimens tested with hold time period, (a) at nominally 100 ºC; (b) at nominally 300 ºC testing temperatures 
Both Fig. 10. and Fig. 11. demonstrate the differences of the crack fronts between the precrack and crack 
propagation phases, and the differences between the two testing temperatures. 
4. Conclusions 
Table 5. summarizes results of fatigue crack growth tests executed on 08X18H10T steel grade (which is 
equivalent to type 321 steel), on different testing conditions [5]. 
Table 5. Details and results of fatigue crack propagation tests [5]. 
T (qC) Environment R (–) f  (Hz) Loading waveform C n 
(MPam1/2, mm/cycle)
23 lab air 0,5 1 sinus 2,82E-09 3,39 
275 lab air 0,5 1 sinus 2,82E-09 3,39 
275 distilled water with oxygen 0,5 0,0166 sinus 3,32E-07 2,48
275 water with reduced oxygen and 
with different ion content 
0,5 0,0166 sinus 1,70E-06 1,74 
275 water with oxygen and with 
different ion content 
0,5 0,0166 sinus 4,29E-07 2,28 
Based on the data can be found in Table 5., the following establishments can be drawn: 
x the testing temperature had no substantive influence on the fatigue crack growth and on the parameters of the 
Paris-Erdogan law, in lab air; 
x the oxygen content had significant influence on the fatigue crack propagation, at elevated temperature; 
x beside the oxygen content, the different ion content had no additional characteristic influence on the fatigue crack 
growth, at elevated temperature. 
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Based on own fatigue crack propagation experiments and the comparison of our test results and the test results 
can be found in the literature, the following conclusions can be drawn. 
x The constants of the Paris-Erdogan law (C and n) correctly describe the fatigue crack propagation measured on 
CT specimens with parallel holes. 
x The fatigue crack propagation characteristics were different at different testing temperatures. 
x Stable crack propagation and/or crack tip blunting can be detected during the hold time at nominally 300 ºC
testing temperature. 
x Following our earlier works and methodology [9-11], the determination of the fatigue crack propagation limit or 
design curves requires further investigations. 
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